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PROBLEM TO BE SOLVED: To improve the cycle 
characteristics of nonaqueous electrolyte secondary 
batteries by employing a positive active material of a 
high capacity retaining coefficient and appreciable cycle 
characteristics. 

SOLUTION: A positive active material is a composite 
oxide expressed by a composition formula, 
LiaNibCocMnd02. where 0.1<a<1.2. 0.40<b<-1.15, 
0<c<0.60, 0<d<0.6a 1.00<b+c+d<1,15, 0<c+d<0.60, and 
the transition metal occupancy rate (e) of the Li layer is 
in the range of from 0.006 to 0.150. or is a composite 
oxide given by the composition formula LiaNibCocMnd02 
where the ratio R of the total X-ray diffraction peak 
intensity of the (012) and (006) planes for a CuKa 
radiation source to the X-ray diffraction peak intensity 
of the (101) plane is in the range of from 0.510:1 to 
0.700:1. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Empirical formula UaNibCocMnd02 (it is 0.1<=a<=1.2. 0,40<=b<1.15, 0< c<0.60. and 0< 
d<0.60) the relation of 1.00 <=b+c+d<=1 .1 5 and 0<c+d<=0.60 — having — with the positive 
electrode which consists of a multiple oxide expressed The nonaqueous electolyte rechargeable 
battery which is a nonaqueous electrolyte rechargeable battery equipped with the negative 
electrode which consists of matter which can occlusion emit a lithium metal or a lithium, and is 
characterized by the range of the transition-metals pulse duty factor e of Li layer being 
0.006<=e<=0.150 in said multiple oxide, 

[Claim 2] The nonaqueous electolyte rechargeable battery according to claim 1 characterized by 
the range of the amount c of Co(es) in said multiple oxide being 0.20<=c<=0,50, 
[Claim 3] The nonaqueous electolyte rechargeable battery according to claim 1 characterized by 
the range of said transition-metals puls6 duty factor e being 0.020<=e<=0.130. 
[Claim 4] Empirical formula LiaNibCocMnd02 (it Is 0.1<=a<=1.2. 0,40<=b<1.1 5, 0< c<0.60, and 0< 
d<0.60) the relation of 1.00 <=b+c+d<=1.15 and 0<c+d<=0.60 ~ having ^ with the positive 
electrode which consists of a multiple oxide expressed It is the nonaqueous electrolyte 
rechargeable battery equipped with the negative electrode which consists of matter which can 
occlusion emit a lithium metal or a lithium. The nonaqueous electolyte rechargeable battery 
characterized by the range of the intensity ratio R of the sum total reinforcement of the X 
diffraction peak [ as opposed to the reinforcement of the X diffraction peak of the field (101) in a 
CuKa line source in said multiple oxide ] of a field (012) and (006) the X diffraction peak of a field 
being 0.5 10<=R<=0.700. 

[Claim 5] The nonaqueous electolyte rechargeable battery according to claim 4 characterized by 
the range of said intensity ratio R being 0.530<=R<=0.670. 



[Translation done.] 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web^cgl.ejje?u=http%3A%2F%2Fwww4.ipdl^ 2007/03/16 



JP.2000-133262,A [DETAILED DESCRIPTION] 



1/8 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to amelioration of the positive-electrode ingredient 
aiming at improving the cycle property of a nonaqueous electolyte rechargeable battery in detail 
with respect to a nonaqueous electolyte rechargeable battery. 
[0002] ^ 

[Description of the Prior Art] A high energy consistency is expected by the high voltage, and. as 
for the nonaqueous electolyte rechargeable battery which uses a lithium or a lithium compound 
as a negative electrode, it succeeds in many researches. And transition-metais oxide, such as 
lithium cobalt oxide (LiCo02), a lithium nickel oxide (UNi02), a spinel mold lithium manganic acid 
ghost (LiMn 204). and a prismatic crystal mold lithium manganic acid ghost (LiMn02), is 
proposed as a positive-electrode ingredient of a nonaqueous electolyte rechargeable battery 
until now. It has tunnel structure and these have stratified or the crystal structure which a 
lithium ion can frequent. 

[0003] However, since cobalt is expensive, the most promising lithium cobalt oxide (LiCo02) in 
property in these that is positive active material will become cost quantity. Furthermore, there is 
also anxiety in respect of supply of a raw material, and the jump of the short supply by change of 
the state of the world and a price etc. can be considered. On the other hand, although the nickel 
compound and manganese compound which are the raw material are stabilized by a lithium nickel 
oxide (LiNi02) and the spinel mold lithium manganic acid ghost (LiMn 204) in low cost and it is 
supplied, the lithium nickel oxide (UNi02) has the same structure as a lithium cobalt oxide 
(LiCo02), and is expected as high capacity and a positive-electrode ingredient for nonaqueous 
electolyte rechargeable batteries of the high voltage. 

[0004] However, a lithium nickel oxide (LiNi02) needs to improve a cycle property compared with 
a lithium cobalt oxide (LiCo02), and the problem is still left behind as a positive-electrode 
ingredient of a nonaqueous electolyte rechargeable battery. Then, although the lithium nickel 
cobalt manganic acid ghost (LiNi1-x-yCoxMny02) (see JP,5-242891.A and JP.8-37007.A) which 
improved the lithium nickel oxide (LiNi02) was proposed, as a result of this invention persons' 
examination, with the above-mentioned compound, change of the crystal structure at the time of 
charge and discharge was large, the number of cycles took for going on, and there was a problem 
that an active material was omitted or the current collection engine performance became low. 
[0005] 

[Problem(s) to be Solved by the Invention] In this invention, the place which it is made in view of 
the above-mentioned situation, and is made into the purpose is to offer a nonaqueous electolyte 
rechargeable battery with a good cycle property, and its positive active material. 
[0006] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the 
nonaqueous electolyte rechargeable battery (the "this invention cell" is called hereafter.) 
concerning this invention Empirical formula LiaNibCocMnd02 (it is 0,l<=a<=1,2, 0.40<=b<1.15, 0< 
c<0.60p and 0< d<0,60) In the nonaqueous electrolyte rechargeable battery equipped with the 
positive electrode which consists of a multiple oxide expressed, and the negative electrode 
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which consists a lithium metal or a lithium of matter in which occlusion is possible the relation of 
1.00 <=b+c+d<=1.15 and 0<c+d<=0.60 — having — It is characterized by the range of the 
transition-metals pulse duty factor e of Li layer in said multiple oxide being 0.006<=e<=0.150. 
[0007] Here, the transition-metals pulse duty factor is as follows. The transition metals with 
which a lithium ion is represented by nickel, cobalt, and manganese in the multiple oxide which 
has the layer structure absorbed and emitted may enter the site into which a lithium ion should 
go instead of a lithium. The numeric value which expresses these above-mentioned transition 
metals that entered quantitatively is a transition-metals pulse duty factor. Specifically, it is 
computed as follows. 

[0008] First, 10 degrees - 100 degrees and time between measurements perform powder XRD 
measurement on the conditions 0.04 degrees and whose measurement speed measuring-range 
2theta (CuKa) is 10 seconds / 0.04 degrees about positive active material, next, the crystal 
structure model the obtained XRD data and whose site which a space group is R-3m (space 
group number 166), and the site assumed that a lithium exists is 3a, and is assumed that 
transition metals exist are 3b and whose site assumed that oxygen exists is 6c — using — the 
transition-metals pulse duty factor of 3a site — Rietveld — it computes by law 
[0009] this invention person etc. found out that a cycle property was improved, when what has 
the transition-metals pulse duty factor e of this multiple oxide LiaNibCocMnd02 in the range of 
0.006<=e<=0.150 was used as positive active material. 

[0010] Especially in the above-mentioned nonaqueous electolyte rechargeable battery, the case 
where the range of the amount c of Co(es) in the multiple oxide which is a positive-electrode 
ingredient is 0.20<=c<=0.50. and the range of the transition-metals pulse duty factor e is 
0.020<=e<=0.130 is desirable. 

[001 1] By the way, the intensity ratio R of the transition-metals pulse duty factor e and an X 
diffraction peak has close relation. The intensity ratio R of this X diffraction peak is defined as 
follows. When you analyze a multiple oxide by X-ray diffraction using the source of CuK alpha 
rays, the X diffraction peak of a field (012) and the X diffraction peak of a field (006) are 
measured, and let what added these be sum total reinforcement. And the sum total 
reinforcement to the reinforcement of the X diffraction peak of a field (101) comes out 
comparatively, and a certain intensity ratio R is computed. There is close relation (E. Rossen et 
al., Solid State Ionics. 57. p311 (1992)). and this intensity ratio R and the above-mentioned 
transition-metals pulse duty factor e can also limit the transition-metals pulse duty factor e by 
the intensity ratio R. 

[001 2] Here, when an intensity ratio R sets [ the relative intensity of the X diffraction peak of a 
field (012) ] relative intensity of I (006) and the X diffraction peak of a field (101) to 1(1 01) for 
the relative intensity of I (012) and the X diffraction peak of a field (006) in the above-^mentioned 
X-ray diffraction analysts, the above-mentioned intensity ratio R is expressed as follows. 
[0013] In the multiple oxide of the R=[I(102) +1(006)]/! (101) above-mentioned specification 
presentation, when the range of an intensity ratio R was 0.510<=R<=0.700, it found out that a 
cycle property was improved. And it becomes possible by making an intensity ratio R into the 
range of 0.530<=R<=0.670 to raise a cycle property further. 

[0014] In addition, as the manufacture approach of the above-mentioned multiple oxide, in the 
case of solid phase reaction, since the compound which has a single phase was not obtained, it 
is compoundable by mixing and calcinating nickel, cobalt, the compound hydroxide of manganese, 
and various lithium compounds (for example. 750 degrees C), and making the cooling rate to 400 
degrees C into below 1 degree C / min. Here with the lithium compound as a start raw material 
A lithium nitrate (LiN03). lithium sulfate (U2S04). a lithium chloride (LiCI). A lithium bromide 
(LiBr), a lithium iodide (Lil). a lithium hydroxide (LiOH). Lithium oxide (Li20). a lithium carbonate 
(Li2C03), a formic acid lithium (HCOOLi), An acetic-acid lithium (CHSCOOLi). a benzoic-acid 
lithium (C6H5COOLi), Lithium citrate (U3C6H507), an oxalic acid lithium (Li2C 204), a pyruvic- 
acid lithium (CH3COCOOLi), lithium stearate (UC18H3502), a tartaric-acid lithium (Li2C4H406). 
etc. can be illustrated. 

[0015] In addition, about other cell ingredients other than the positive active material used for 
this invention, a well-known ingredient can be conventionally used especially without a limit as 
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an object for nonaqueous electolyte rechargeable batteries. 

[0016] And as a negative-electrode ingredient, a less noble metal oxide is illustrated for 
potentials, such as carbon materials, such as lithium alloys, such as a lithium metal or a lithium- 
aluminium alloy which can occlusion emit a lithium and which is the matter, a lithium-lead alloy, 
and a lithium-tin alloy, a graphite, corks, and an organic substance baking object, and Sn02, SnO. 
Ti02, Nb 203, compared with positive active material. 

[0017] Moreover, as a solvent of nonaqueous electrolyte, a mixed solvent with low-boiling point 
solvents, such as high-boiling point solvents, such as ethylene carbonate (EC), propylene 
carbonate (PC), vinylene carbonate (VC), and butylene carbonate (BC). these and dimethyl 
carbonate (DMC). diethyl carbonate (DEC), methylethyl carbonate (EMC). 1, 2-diethoxy ethane 
(DEE), 1. 2-dimeth6xyethane (DME), and ethoxy methoxyethane (EME), is illustrated. 
[0018] 

[Embodiment of the Invention] It is possible to change this invention suitably In the range which 
is not limited at all by the following example and does not change the summary, and to carry out 
hereafter, although this invention is further explained to a detail based on an example. 
(Experiment 1) In this experiment 1. the multiple oxide of various presentations was prepared and 
the nonaqueous electolyte rechargeable battery of a flat form was produced. It divides into the 
item of the comparison of production of each multiple oxide, its analysis, and a cell property, and 
the following examples explain. 
[Example 1] 

(Production of a multiple oxide) The multiple oxide as positive active material was prepared in 
the following procedures. First, the nickel nitrate (nickel2 (N03)) used as a raw material, cobalt 
sulfate (Co2 (S04)), and manganese acetate (Mn2 (CH3COO)) are mixed by the mole ratio of 
1 .000:0.003:0.003. Next, it put into the ethyl alcohol water solution of 50 volume %, and agitated 
violently. And the aqueous ammonia of 30 volume % was added, sediment was obtained, and the 
sediment and lithium nitrate (Li (N03)) were mixed by 1.006:0.994. The mixture was calcinated at 
750 degrees C in the oxygen ambient atmosphere for 12 hours, and the multiple oxide Al was 
obtained by cooling after that. In addition, the cooling rate to 400 degrees C is set to 0.8 degrees 
C / min. 

[0019] When this multiple oxide 1 was analyzed by powder X diffraction measurement, it turned 
out that it is the stratified compound which has Li (lithium) layer which has hexagonal structure. 
In order to investigate a crystal structure parameter, measuring-range 2theta (CuKa) Moreover, 
10-100 degrees, Time between measurements 0.04 degrees. The XRD data which measurement 
speed measured at 10 seconds / 0.04 degrees A Rietveld analyzer "Rietan94 (F.) [ Izumi. "The 
Rietveld Methode (R. A.Young, Editor)". Chap.l3. ] [ Oxford University ] When elaboration was 
carried out using Press and Oxford (1993)". the transition-metals pulse duty factor e of Li layer 
of a multiple oxide Al was 0.006. 

[0020] Furthermore, when asked for the intensity ratio R to the reinforcement of the X 
diffraction peak of a field (101) of the sum total reinforcement of the X diffraction peak of a field 
(012). and the X diffraction peak of a field (006), the intensity ratio R was 0.510. 
[0021] (Production of this invention cell) The above-mentioned multiple oxide 1 was ground until 
the median size was set to 1 micrometer with the jet mill, as this multiple oxide 1 and an electric 
conduction agent — acetylene black and the polyvinylidene fluoride as a binder — the ratio of 
the weight ratio 90:6:4 — kneading — a positive electrode — the mixture was produced, this 
positive electrode — after carrying out pressurization molding of the mixture by the pressure of 
2 t/cm2 disc-like [ with a diameter of 20mm ], it heat-treated under the 2-hour vacuum at 250 
degrees C, and the positive electrode was produced. 

[0022] What, on the other hand, pierced the rolled plate of the lithium-aluminium alloy which has 
predetermined thickness to disc-like [ with a diameter of 20mm ] as a negative electrode was 
used. 

[0023] Moreover, as the electrolytic solution, what melted LiPF6 [ one mol / /] I. was prepared 
and prepared for the mixed solvent of the volume ratio 1:2:1 of ethylene carbonate, dimethyl 
carbonate, and ethyl methyl carbonate. 

[0024] The flat mold nonaqueous electolyte rechargeable battery was produced using the above 
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forward negative electrode and electrolytic solution. In addition, the capacity factor of a positive . 
electrode and a negative electrode set to capacity =1:1.1 [ of a positive electrode ] of a • 
capacity:negative electrode, and used the polypropylene film of ionic permeability for the 
separator. 

[0025] Drawing 1 Is the mimetic diagram of the cross section of the produced this invention cell, 
this invention cell shown in drawing 1 consists of the separator 3 which isolates a positive 
electrode 1 and a negative electrode 2, and these two electrodes, the positive-electrode can 4, 
the negative-electrode can 5, the positive-electrode charge collector 6. a negative-electrode 
charge collector 7. and insulating packing 8 of polypropylene nature. The positive electrode 1 and 
the negative electrode 2 are held in the cell case where counter through the separator 3 which 
sank in and the forward negative-electrode cans 4 and 5 form nonaqueous electrolyte, and 
through the positive-electrode charge collector 6, with the positive-electrode can 4. it can 
connect with the negative-electrode can 5 through the negative-electrode charge collector 7, 
and they can take [ a positive electrode 1 ] out a negative electrode 2 now to the exterior again 
by making into electrical energy chemical energy produced inside the cell. 
As an example 2 - a [example 12] multiple oxide, manganese acetate (Mn2 (CH3COO)) was 
mixed with nickel nitrate (nickel2 (N03)) and cobalt sulfate (Co2 (S04)) by the mole ratio of 
0.903:0.100:0.003. and it put into the ethyl alcohol water solution of 50 volume %, and agitated. 
And the aqueous ammonia of 30 volume % was added, sediment was obtained, that sediment and 
lithium nitrate (Li (N03)) were mixed by 1.006:0.994, this mixture was calcinated at 750 degrees 
C in the oxygen ambient atmosphere for 12 hours, it cooled by the cooling rate of 0.8 degrees 
C / min to 400 degrees C after that, and the multiple oxide A2 was obtained. 
[0026] the same procedure as this — the manganese of a raw material — a mixing ratio (mole 
ratio) — 0,003 — fixed — carrying out — nickel/cobalt — only the mixing ratio was changed 
with 0.803:0.200, 0.703:0.300. 0.603:0.400. 0.503:0.500. and 0.406:0.597, and multiple oxide A3, 
multiple oxide A4, multiple oxide A5, the multiple oxide A6, and the multiple oxide A7 were 
obtained. 

[0027] moreover, the cobalt of a raw material — a mixing ratio (mole ratio) — 0.003 — fixed — 
carrying out — nickel/manganese — only the mixing ratio was changed with 0.803:0.200. 
0.603:0.400. and 0.406:0.597, and a multiple oxide B1. multiple oxide B-2, and a multiple oxide B3 
were obtained. 

[0028] Furthermore, multiple oxides CI and C2 were obtained for the mixing ratio (mole ratio) of 
nickel / cobalt / manganese as 0.406:0.300:0.300 and 0,606.0.200:0.200. 
Manganese acetate (Mn2 (CH3COO)) was mixed with [examples 1-5 of comparison] nickel 
nitrate (nickel2 (N03)), and cobalt sulfate (Co2 (S04)) by the mole ratio of 1.003:0:0.003, and it 
put into the ethyl alcohol water solution of 50 volume %, and agitated violently. And the aqueous 
ammonia of 30 volume % was added, sediment was obtained, the sediment and lithium nitrate (Li 
(N03)) were mixed by 1.006:0.994, the mixture was calcinated at 750 degrees C in the oxygen 
ambient atmosphere for 12 hours, the cooling rate to 400 degrees C cooled at the rate of 0.8 
degrees C / min. and the multiple oxide XI was obtained. 

[0029] the same procedure as this — the nickel / cobalt / manganese of a raw material — only 
the mixing ratio (mole ratio) was changed with 1 .003:0.003:0. 0.403:0.600:0.003, 0.403:0.003:0.600, 
and 0.400:0.303:0.303, and the multiple oxide X2, the multiple oxide X3, the multiple oxide X4. and 
the multiple oxide X5 were obtained. 

After mixing the [example 6 of comparison] lithium-hydroxide monohydrate (LiOH-H20). 4 
oxidization 3 cobalt (Co 304). gamma-MnOOH, and nickel hydroxide (nickel2 (OH)) by the mole 
ratio of 1.000:0.600:0.200:0.200. it cast to the tablet, and it calcinated at 600 degrees C in the 
oxygen ambient atmosphere for 24 hours. And it mixed, after lowering the temperature to a room 
temperature and the mortar ground, and the multiple oxide X6 was obtained by casting to a 
tablet again and calcinating at 850 degrees C in an oxygen ambient atmosphere for 24 hours. In 
addition, this multiple oxide X6 is compounded according to the technique shown in JP.8- 
37003,A (conventional technique). 

[0030] When the multiple oxides A1-A7 obtained as above. 81-83, C1-C2. and X1-X6 were 
analyzed by powder X diffraction measurement, respectively, all the multiple oxide's were 
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stratified compounds which have single-phase hexagonal structure. Furthermore, the crystal 
structure parameter of each multiple oxides A1-A7, B1-B3, C1-C2, and XI -X6 was analyzed by 
the same technique as an example 1 . and those transition metals — a mixing ratio, the 
transition-metals pulse duty factor e, and an intensity ratio R are shown In Table 1. 
:0031] 
Table 1] 
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In addition, as Table 1 , the transition-metals pulse duty factor e of Li layer of multiple oxides 
A2-C2 and multiple oxides X1-X5 is 0.006 or more altogether, and 0.510 or more have been the 
intensity ratio R altogether. 

(Cycle, property of a cell) Next, using each above-mentioned multiple oxide, the cell was 
produced like the above-mentioned example 1, and the cycle property of a cell was compared. 
The experiment conditions at this time are the things of making it discharge to discharge^nal- 
voltage 2.8V by discharge current 0.15 mA-cm -2, after making it charge to charge termination 
electrical-potential-difference 4.2V by charging current 0.15 mA-cm -2. And it asked for the 
capacity maintenance factor after 50 cycles. 
[0032] This result is shown in Table 2. 
[0033] 
[Table 2] 
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From this, it is understood that the discharge capacity maintenance factor after 50 cycles of an 
example 1 (multiple oxide A1) is 95.0%. Moreover, all the capacity maintenance factors after 50 
cycles of examples 2-12 became 95% or more. The capacity maintenance factor of the multiple 
oxide (A3, A4, A5, A6. 01. C2) especially whose amount of Co permutations is within the limits of 
0.20-0,50 was good. 

[0034] In addition, in an empirical formula LiaNibCocMnd02, it is indispensable about a cobalt 
content to contain the amount c of cobalt from the comparison of an example 1 (multiple oxide 
A1) and the example 1 (multiple oxide XI) of a comparison, and to make size, i.e., cobalt, contain 
from 0. Moreover, as a upper limit of the amount of cobalt, it is necessary from the comparison 
of an example 7 (multiple oxide A7) and the example 3 (multiple oxide X3) of a comparison to 
make it smaller than 0.6. Consequently, the amount of cobalt (mole ratio) serves as the range of 
0< d<0.60. 

[0035] Next, if it observes about the amount of manganese, it is more indispensable than 
contrast of an example 1 (multiple oxide A1) and the example 2 (multiple oxide X2) of a 
comparison that the minimum of the amount d of manganese makes size, i.e., manganese, contain 
from 0. Moreover, as an upper limit of the amount of manganese, it is more indispensable than 
the comparison of an example 10 (multiple oxide B3) and the example 4 (multiple oxide X4) of a 
comparison to . make it smaller than 0.6, Consequently, the amount of manganese (mole ratio) 
serves as the range of 0< c<0.60. 

[0036] Furthermore, in the above-mentioned empirical formula, it is more indispensable than the 
comparison of an example 1 1 (multiple oxide 01) and the example 5 (multiple oxide X5) of a 
comparison in this invention that the sum of the amount c of cobalt and the amount d of 
manganese carries out to 0,6 or less. Therefore, It needs to be referred to as 0<c+d<=0.6 in an 
empirical formula. 

[0037] On the other hand, the capacity maintenance factor after 50 cycles of the example 1 of a 
comparison - the example 6 of a comparison was 92% or less. From this, the Hideyasu nature of 
the multiple oxide in connection with this invention is understood. 

(Experiment 2) In this experiment 2, the amount of cobalt and the manganese used is fixed, the 
amount of nickel was changed, positive active material was prepared, the transition-metals pulse 
duty factor e and the value of an intensity ratio R were changed, and the cell was produced. 
As a raw material of a [examples 13-17] multiple oxide, manganese acetate (Mn2 (CH3COO)) 
was mixed with nickel nitrate (nickel2 (N03)) and cobalt sulfate (Co2 (S04)) by the mole ratio of 
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1.144:0.003:0.003. This mixture was put Into the ethyl alcohol water solution of 50 volume %. and 
was agitated violently. And the aqueous ammonia of 30 volume % was added, sediment was 
obtained, the sediment and lithium nitrate (Li (N03)) were mixed by 1.150:0.850, the mixture was 
calcinated at 750 degrees C in the oxygen ambient atmosphere for 12 hours, the cooling rate to 
400 degrees C cooled at the rate of 0.8 degrees C / min, and the multiple oxide D1 was 
obtained, the same procedure as this — the nickel / cobalt / manganese of a raw material — 
only the mixing ratio and the mixing ratio (mole ratio) of transition-metals sediment and' a lithium 
nitrate (Li (N03)) were changed with 1.124:0.003:0.003. 1.130:0.870 and 1.094:0.003:0.003. 
1.100:0.900 and 1.044:0.003:0.003. 1.050:0.950 and 1.014:0.003:0.003, and 1.020:0.980. and the 
multiple oxide D2, the multiple oxide D3. the multiple oxide D4. and the multiple oxide D5 were 
obtained. 

Manganese acetate (Mn2 (CH3C00)) was mixed with nickel nitrate (nickel2 (N03)) and cobalt 
sulfate (Co2 (S04)) by the mole ratio of 1.150:0.003:0.003 as a raw material of the [examples 7 
and 8 of comparison] multiple oxide. This mixture was put into the ethyl alcohol water solution of 
50 volume %, and was agitated violently. And the aqueous ammonia of 30 volume % was added, 
sediment was obtained, the sediment and lithium nitrate (Li (N03)) were mixed by 1,156:0.844. 
the mixture was calcinated at 750 degrees C in the oxygen ambient atmosphere for 12 hours, the 
cooling rate to 400 degrees C cooled at the rate of 0.8 degrees C / min. and the multiple oxide 
Yl was obtained, the same procedure as this — the nickel / cobalt / manganese of a raw 
material — only the mixing ratio and the mixing ratio of transition-metals sediment and a lithium 
nitrate (Li (N03)) were changed with 0.999:0.003:0.003 and 1.005:0.995, and the multiple oxide Y2 
was obtained. 

[0038] When the above-mentioned multiple oxide was analyzed by powder X diffraction 
measurement, respectively, all the multiple oxides were stratified compounds which have single- 
phase ****** and have Li layer. Furthermore, the crystal structure parameter of each multiple 
oxide was analyzed by the same technique as the above-mentioned example 1. 
[0039] The measurement result of the parameter of this crystal structure is collectively shown 
in Table 3. The transition-metals pulse duty factor e of Li layer of multiple oxides D1-D5 was 
within the limits of 0.006-0.150 altogether, and the intensity ratio R was within the limits of 
0.510-0.700 altogether. 
[0040] 



[Table 3] 
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Next, using each above-mentioned multiple oxides D1-D5, the positive electrode was produced 

by the same technique as an example 1 , the lithium secondary battery was produced, and the 

cycle property after cell 50 cycle was compared. The experiment conditions at this time are the 

same as that of the above-mentioned experiment 1. 

[0041] This result is shown in Table 4. 

[0042] 

[Table 4] 
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All the capacity maintenance factors after 50 cycles of examples 13 (multiple oxide D1)-17 
(multiple oxide D5) were 95% or more. Especially the capacity maintenance factor of the multiple 
oxide whose transition-metals pulse duty factor e of Li layer is within the limits of 0.020-0.130, 
and the multiple oxide whose intensity ratio R is within the limits of 0.530-0.670 was good 
[0043] This is considered because change of the crystal structure of the positive active material 
by which it is accompanied in the case of a charge and discharge test became small by the case 
where the transition-metals pulse duty factors e of a lithium layer are 0.006-0.150. 
[0044] In addition, it is necessary to make the upper limit of the amount b of nickel smaller than 
1.15, and it needs to make the sum of the amount b of nickel, the amount c of cobalt, and the 
amount d of manganese 1.15 or less in an empirical formula LiaNibCocMnd02 from contrast of 
an example 13 (multiple oxide D1) and the example 7 (multiple oxide Y1) of a comparison. 
[0045] The above fact to an empirical formula is LiaNibCocMnd02 (it is the range of 0.1<=a<=1.2, 
0.40<=b<1.15, 0< c<0.60. and 0< d<0.60 (mole ratio)), further ~ 1.00 <=b+c+d<=1.15 and 
0<c+d<=0.60 — it is — it is expressed and the transition-metals pulse duty factor e of Li 
(lithium) layer is within the limits of 0.006<=e<=0.150 — Or the sum total reinforcement of the X 
diffraction peak in CuKa of the field (012) of an empirical formula LiaNibCocMnd02 (it is the 
range of 0.40<=b<1.15, 0< c<0.60. and 0< d<0.60). and the X diffraction peak of a field (006), (101) 
By using the positive active material characterized by the intensity ratio R to the reinforcement 
of the X diffraction peak of a field being within the limits of 0.510<=R<=0.700, the cycle property 
of a nonaqueous electolyte rechargeable battery improved. 
[Detailed description] 

According to this invention, a capacity maintenance factor can offer a high nonaqueous 
electolyte rechargeable battery with a good cycle property, and its positive active material, and 
the industrial value is very large as explained in full detail above. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 Tliis document has been translated by computer. So the translation may not reflect the original 
precisely, 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view having shown the internal structure of the cell of this 
invention. 

[Description of Notations] 

1 Positive Electrode 

2 Negative Electrode 

3 Separator 

4 Positive-Electrode Can 

5 Negative-Electrode Can 

6 Positive-Electrode Charge Collector 

7 Negative-Electrode Charge Collector 

8 Insulating Packing 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated* 
3.1n the drawings, any words are not translated. 

DRAWINGS 



[Drawing 11 




[Translation done.] 
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